IntroductIon
Variations in US health service utilization have been known and tracked in relation to geographic regions, subpopulations (eg, by age group, sex, race/ethnicity), insurance coverage, and other socioeconomic factors that influence utilization of health care services. [1] [2] [3] [4] Historically, the literature shows lower health care utilization among Hispanic youth compared with youth of other race/ethnicity. [5] [6] [7] [8] To advance the dialogue on the disparate use of mental health services by Hispanic youth compared with their racial/ethnic counterparts, our large population-based study focused on the diagnostic and medication treatment patterns of youth diagnosed with attention-deficit/hyperactivity disorder (ADHD) using administrative claims data from California, the state with the largest group of Hispanic youth with Medicaid insurance.
We examined ADHD diagnostic and treatment patterns because ADHD is the most common pediatric behavioral mental health disorder. In a 2011 national survey, approximately 6.4 million youth in the United States were diagnosed with ADHD. 9 Furthermore, among youth aged 4-17 years, the population of ADHD diagnosed youth grew substantially from 7 
ADHD Service Utilization among Medicaid-Insured Youth -Pennap et al
Analyzing different residential clusters of Hispanic to non-Hispanic persons may reveal practical differences in access and availability of services as well as cultural preferences that limit the use of medical care. 11 Further, understanding the role of racial/ ethnic geographic population density in the previously reported disparities in ADHD service utilization patterns will better address health disparities in underserved regions by includsure, namely isolation index, which assesses the population density of a minority group (ie, Hispanic) in relation to other racial/ethnic groups. We theorized that a similar racial/ethnic cultural background influences health care decisions that then lead to similar patterns of health service utilization.
conceptual Framework
In researching disparities that affect minorities and youth in lowincome families, it may be useful to view comparative diagnostic and treatment data in a conceptual framework of racial/ethnic residential segregation. Residential segregation research on health care utilization aims to link the population density of a minority group's residential locale to its pattern of health service utilization and health outcomes. Racial/ ethnic isolation (an exposure measure of residential segregation) is believed to indirectly influence health service utilization through individual and environmental factors such as poor housing conditions, detrimental communal health behaviors and beliefs, and low proximity to basic health services. 13, 14 Figure 1 depicts a conceptual framework for assessing the association between residential segregation and racial/ethnic disparities in the utilization of ADHD services. It highlights community and social factors that promote residential isolation, which in turn promotes disparities in health service utilization.
Based on this conceptual mode, our study aimed to assess the impact of racial/ethnic geographic isolation on ADHD service utilization patterns among publicly insured youth. In this approach, the method capitalizes on both data volume (2.2 million youth Medicaid enrollees in California) and variety (ie, linkage of claims data to US census data). Specifically, we aimed to assess differences between Medicaid-insured Hispanic residents in high ethnic isolation areas and Hispanic residents in lower ethnic isolation areas in relation to clinician-reported ADHD diagnosis and stimulant use, the leading medication treatment for ADHD. These outcomes were assessed according to gradients of two measures of residential isolation: 1) county level Hispanic isolation indices (HI); and 2) ZIP code level proportion of Hispanic residents in the Medicaid enrollee's ZIP code of residence. This ZIP code level measure of residential isolation is used as a proxy for census tract level measures to facilitate a more granular assessment of racial/ethnic composition in the Medicaid enrollees' immediate locale since census tract information is not available in Medicaid data.
methods

Data Source and Study Design
We analyzed computerized data from the 2009 Medicaid administrative claims of California. The data source included enrollment, outpatient hospital clinic and physician files, and prescription drug files. Medicaid enrollee data included enrollees' ZIP code of residence which was linked to American Community Survey data at the county and ZIP code levels. 15 For the past 25 years, numerous measures have been developed to assess residential segregation using geographic patterns of residential mix, eg, evenness, exposure, concentration, centralization and clustering. 12 In our study, with data from a large statewide Medicaid youth population, we selected an exposure mea-
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Hispanic Isolation Index and at the ZIP code level to calculate a proxy measure of isolation at a more granular level using ZIP code tabulation areas. A cross-sectional design was applied to the 2009 claims data restricting the dataset to continuously enrolled youth aged 2 through 17 years (N=2,221,010). The study population represented 83.7% of the state's total Medicaid youth population and included all youth regardless of service utilization. The study was reviewed and approved by the University of Maryland Institutional Review Board. All procedures were in accordance with the ethical standards of the responsible committee on human 
Independent Variables and Hispanic Isolation Index
The main independent variables were county level Hispanic isolation index and ZIP code level Hispanic composition.
The Hispanic Isolation Index (HI) in each county was calculated as the Hispanic weighted average of the Hispanic proportion in each county. 15 This index measures the extent to which minority members live in proximity to one another in a geographic area. 12, 16 The index ranges from 0 to 1.0. A score >.6 reflects a high level of isolation of Hispanic residents from members of other racial/ ethnic groups. 12 The range of countylevel isolation indices in this study was categorized as <.50; .50 -.64; and ≥.65, which approximates tertiles in the distribution. HI was calculated using the following equation:
Where x i = Hispanic population of area i; n=total number of counties; X=sum of all x i ; t=total population of area i
Zip Code Level -Hispanic Composition
Medicaid administrative claims data do not contain census tract information for each enrollee. However, data on the ZIP code of enrollees' residence were available and were linked to the US Census Bureau's ZIP code tabulation area (ZCTA) files for information on racial/ethnic composition per ZIP code area. Zip code level Hispanic composition was defined as the proportion of the Hispanic population living in the Medicaid enrollee's ZIP code of residence, drawn from the US census ZCTA. 15 Hispanic composition was categorized as < 25%; 25%-50%; and >50%, producing a gradient of Hispanic population density in the Medicaid enrollees' immediate residential locale. 
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Outcomes
ADHD Diagnosis
Clinician-reported ADHD diagnosis was assessed using International Classification of Diseases-9-Clinical Modification codes (ICD-9-CM code 314.xx) from outpatient treatment and physician files. At least 2 outpatient ADHD claims on separate days were required to qualify for the diagnosis of ADHD. 17 
Stimulant Use
The annual prevalence of stimulant use was defined as the proportion of total continuously enrolled youth with ≥1 stimulant dispensings in 2009. Only oral product forms of methylphenidate, dexmethylphenidate and amphetamine related salt products were identified as stimulants in this study. Stimulant use was ascertained from prescription drug files, which include national drug code, stimulant dispensing date and drug name.
Study Covariates
ZIP code tabulation area information was used to assess median annual household income in the Medicaid enrollee's ZIP code of residence and was categorized as <$25,000; $25,000-$50,000; and >$50,000.
18 ZCTA information was not available for 639 youth (1.35%) with an ADHD diagnosis. County level median income was imputed for these 639 youth.
Other study covariates included age groups (2-4, 5-9, 10-14, and 15-17 years), sex, and Medicaid eligibility category. Eligibility categories included foster care, youth with disabilities (ie, in families receiving Supplemental Security Income), and income eligible youth (ie, enrollees in the state Children's Health Insurance Program or the Temporary Assistance for Needy Families program). Using a previously published algorithm, 19 a hierarchical approach was applied for youth who were eligible in more than one category during 2009 in the following rank order: foster care, youth with disabilities, and income eligible youth.
Statistical Analysis
Statistical analyses were conducted using SAS version 9.3 (SAS Institute, Inc., Cary, NC). Demographic characteristics of continuously enrolled youth were assessed in terms of the total population and in relation to the county-level HI.
The annual prevalence of ADHD diagnosis per 100 youth was calculated as a proportion of the study participants, total and stratified by race/ethnicity. Furthermore, among youth diagnosed with ADHD, the annual percentage of stimulant use was calculated in total and stratified by race/ethnicity. Two sets of multivariable logistic regression models were conducted. Comparing youth of other races to White youth, the first set of regression examined: 1) the odds of an ADHD diagnosis; and 2) the odds of a stimulant dispensing among youth diagnosed with ADHD. Each of these two logistic regression models was adjusted for median household income, age group, sex and Medicaid eligibility category. 
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A second set of multivariable regression models was evaluated only among Hispanic youth. In the first models, we assessed the odds of an ADHD diagnosis by county-level HI index and by ZIP code level Hispanic proportion. In the second model, we assessed the odds of a stimulant dispensing among ADHD diagnosed youth by county-level HI index and by ZIP code level Hispanic proportion. The models were adjusted for covariates as described above.
results
Population Characteristics
There were 2.2 million continuously enrolled Medicaid-insured youth aged 2-17 years in California in 2009. The majority were of Hispanic ethnicity (63.7%) and were <10 years of age (54.2%) ( Table 1) . Medicaid eligibility based on family income (TANF and CHIP) accounted for 90% of the enrolled youth, while the remainder was equally divided between foster care enrollees and youth with disabilities. More than half (53.7%) of the Medicaid eligible population lived in counties with a median household income less than $50,000/year.
Residential Distribution Patterns
The county-level distribution of the 2.2 million youth enrollees according to the HI index ranged from 28.2% in counties with an HI index <.5, to 39.2% in counties with an HI index >.65 (Table 1) . Compared with the 44.3% of Hispanic youth living in counties with an HI index <.5, 75.5% of the residents of counties with HI index ≥ .65 were Hispanic youth. At the ZIP code level, the majority of enrollees (53.9%) resided in ZIP code areas with >50% Hispanic population (data not shown).
The gradient effect of increasing geographic isolation is further observed in ZIP code level median household income differences. Of the residents of counties with an HI index ≥0.65, 19.5% had median household income less than $35,000/year. By comparison, in the least isolated counties (HI index <.5), only 6.1% of the Medicaid enrollees had a median household income less than $35,000 (Table 1) .
ADHD Diagnosis and Stimulant Use by Race/ Ethnicity
There were 47,364 Medicaid-insured youth with a clinician-reported ADHD diagnosis in 2009, resulting in an annual clinician-reported diagnostic prevalence of 2.1%. The prevalence of ADHD diagnosis by race/ ethnicity ranged from a high of 5.0% among White enrollees to a low of 1.2% among Hispanic enrollees (Table 2). Overall, the odds of receiving an ADHD diagnosis were significantly lower among Hispanic compared with White youth (AOR=.35; 95% CI=.34-.36). Among total youth with a clinician-reported ADHD diagnosis (N=47,364), 59.8% received one or more stimulant dispensings during the study year. Across racial/ethnic groups, stimulant use among ADHD diagnosed youth ranged from 65.7% 
ADHD Diagnosis and Hispanic Residential Locale
When analyzed according to county-level HI, the prevalence of ADHD diagnosis among Hispanic youth decreased modestly from 1.32% to 1.16% (AOR=0.92; 95% CI=0.88-0.96), as HI increased from <.5 to ≥.65 (Table 3) . However, when assessed at the ZIP code level, the prevalence of ADHD diagnosis among Hispanic youth decreased from 1.72% to 1.12% (AOR=.81; 95% CI=.77-.86) as the Hispanic population in enrollees' ZIP code of residence increased from <25% to ≥50%. The decrease in the percent prevalence of ADHD diagnosis was considerably greater at the ZIP code level of residential isolation than at the county level of residential isolation (Table 3) .
Stimulant Use and Hispanic Residential Locale
Among Hispanic youth diagnosed with ADHD, the percent stimulant use decreased substantially from 61.37% to 48.28% (AOR=.61; 95% CI=.59-.64) as county level HI index increased from <.5 to ≥.65 (Table 4) . Similar findings were observed when stimulant use was assessed across the range of Hispanic composition at the ZIP code level. The percent stimulant use among Hispanic youth diagnosed with ADHD decreased from 61.37% to 53.02% as the proportion of Hispanic residents in enrollees' ZIP code of residence increased from <25% to ≥50% (AOR=.65; 95% CI=.61-.69) ( Table 4) .
dIscussIon
This study of Hispanic residential locale and pediatric ADHD service utilization supports findings from adult studies of health care utilization in that fewer health care services are delivered with increasing racial/ ethnic residential isolation. [20] [21] [22] [23] Compared with youth of other racial/ ethnic groups, Hispanic youth had a lower prevalence of ADHD diagnosis and stimulant treatment. The situation worsened with respect to residential locale. The major findings from this population-based study of Medicaid enrolled youth are: 1) The annual percent prevalence and the odds of an ADHD diagnosis were significantly lower for the most isolated Hispanic youth compared with their least isolated Hispanic counterparts regardless of the measure of racial/ethnic residential isolation; and 2) Similarly, among ADHDdiagnosed Hispanic youth, regardless of the measure of population density of Hispanic residents, stimulant use decreased significantly as Hispanic residential isolation intensified.
Collectively, these findings support the role of geographic population density as a factor in accounting for racial/ethnic differences in mental health services for ADHD, the leading pediatric mental health condition and for the use of stimulants, the main evidence-based ADHD treatment. In the following sections, we try to set these findings in the broader context of prior research and future research priorities.
Regional and Racial/Ethnic Variations in the MedicaidInsured Population
Nationally, regional population health studies have documented lower use of mental health services in states within the western region. 10, 24, 25 These states have very large proportions of Hispanic residents. For example, Hispanic youth in California represent 38.9% of the US Hispanic youth population. 26 In the pediatric Medicaid population analyzed in this study, Hispanic youth constituted 
Expanding the Framework for Health Disparities Research with Big Data
Experts in the field of health disparities have called for expanding the framework of health disparity research to address quality of care 27 and to bring the social determinants of health inequalities into sharper focus. 28 This study sought to respond to the need to further understand the longstanding lower use of health services by Hispanic youth compared with youth of other racial/ethnic groups.
Our study suggests a novel approach that uses Big Data (linking statewide Medicaid claims to US census data) to identify increased Hispanic population density as a determinant of ADHD diagnosis and stimulant treatment among publicly insured Hispanic youth. This approach helps to generate evidence for policy makers to address health disparities in underserved regions. These low service patterns of minority youth may be attributable to differences in health status, access, language barriers and cultural or personal preference, [29] [30] [31] as well as to institutional racism (ie, structural aspects of the health care delivery system due to perceived or real discrimination). 32 Future studies along the Hispanic geographic population density 'gradient' could offer critical insight. To address the reasons individuals do not seek care at all, new research methods from patient-and caregiver-centered health care 33 could include geographic population density in planning, conducting and disseminating research in the various Hispanic communities within regions of the United States. 34 Until a greater research effort is made to establish outcomes of community care across the range of critical factors (namely, socioeconomic, race/ethnicity and small and large area variations), health services research will continue to report discrepant patterns, but with little additional insight to meet the needs of families and youth. Innovative approaches to add the missing critical factors (eg, satisfaction, medication adverse events and reasons for discontinuation), can be embedded in the usual practice setting through the electronic health record so that brief reporting of benefits (improvement in symptoms and functioning, eg, social relationships and academic performance), 35 risks (adverse events requiring discontinuation of medication or other therapy) and satisfaction with care can be recorded, even in today's brief medical visits. 36 Our findings suggest that further work should be targeted according to the gradient of Hispanic geographic population density so that social determinants of health can be more fully assessed in accounting for regional and racial/ethnic differences in service use. Focus groups can be used to help assess the quality of services, particularly where perceived discrimination may play a part. Given the substantial growth in Hispanic immigrant communities over the past decades, more attention to the length of acculturation within subgroups of Latinos, eg, Floridians of Cuban vs Californians of Mexican vs New Yorkers of Puerto Rican descent 37 could identify preferences related to generational experience and contribute to greater sensitivity to the ethnic background of immigrants. Also, there are opportunities provided by the Affordable Care Act to expand the reach of health care to include many undocumented families. 38, 39 National survey data often lead to clinically focused discussions of 'unmet need' in minority groups related to the long-term goal of ADHD medication treatment. In this narrow clinical view, the social, cultural and economic aspects of child development are easily lost. Thus, we propose that a broader discussion of 'unmet need' by minority youth is needed in view of the lack of long-term stimulant outcomes to assure effectiveness and safety of drug therapy in community-treated populations. In this broader approach, the growth of an underclass in the U.S. will be better addressed because health and health care suffer when poverty, family and neighborhood instability are not addressed. 28 Without a broader discourse, we cannot expect to address concerns about medicalization of the poor as a malignant endeavor. 40 
Limitations
Several limitations should be noted: 1) The data source may not generalize to other state Medicaid programs, although the California program includes 38.9% of all US Medicaid-insured Hispanic youth. 26 Also, we were not able to subgroup the enrollees into Latinos from particular origins, but presume most enrollees were of Mexican or Mexican American ethnicity; 18 2) The diagnostic data in this study represent
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clinician-reported diagnoses that often are not commensurate with research-level data. Yet, such data provide information on how mental health conditions/problems are identified and treated in community populations; 3) The study outcomes on diagnosis and stimulant treatment provided in this study do not address the continuity of care or duration of stimulant use but provide support for pursuing such aspects of preference and adherence in the future; 4) While census tract data were not available in the Medicaid administrative claims data, our study assessed both countylevel and ZIP code level characteristics that were consistent in suggesting that Hispanic population density is an important factor in the utilization of pediatric mental health services; and 5) Finally, this study assessed only stimulant use in the ADHD diagnosed population regardless of other possible medication treatment. However, stimulant users accounted for 93.1% of all ADHD diagnosed youth who received any form of ADHD medication treatment.
conclusIons
ADHD service utilization for Medicaid-insured Hispanic youth decreased significantly as Hispanic residential isolation increased. These findings support residential segregation as a moderator in population mental health research to identify strategies to overcome racial/ethnic health disparities, particularly for poor and vulnerable youth. The findings also highlight the opportunity for Big Data to identify underserved regions and to target these areas for interventions to improve services to minority youth populations, particularly where language and cultural isolation may be major barriers. 
